For the water sector, adapting to the effects of climate change is a highly complex issue. Due to its geographical position, The Netherlands is vulnerable to sea level rise, increasing river discharges and The Netherlands to be prepared for climate change, it is necessary to build capacity to improvise, to invest in and create room for collaborative leaders, and to find ways to generate financial resources for long-term innovative measures.
INTRODUCTION
Because of these uncertainties and ambiguities, it is generally acknowledged that climate adaptation requires a high adaptive capacity of society (e.g. Gupta et al. , ; from experiences gained and to adjust our policies and strategies to changing circumstances.
It is well known that The Netherlands has a long history of coping with water safety (see e.g. Lintsen ; Huisman ; van de Ven ). At first, the Dutch reduced flood vulnerability by building their houses on mounds. Later on they started to build small dikes to protect their houses and land, and they recognised the need for collective action to construct and maintain these dikes. In the course of time, due to experiences gained and technological progress made, the quality of the dikes improved greatly. In In what follows, we first present a method to assess the capacity of institutions to enable adaptation: the Adaptive Capacity Wheel (see also Gupta et al. , ) . Subsequently, with the help of this method we assess the capacity of Dutch water safety institutions to deal with the new challenges of climate change. For this purpose, we analyse three recent innovative practices in the Dutch water safety domain: the development and implementation of the Room for the River project, the introduction of the flood risk approach and the introduction of the Second Delta Plan. We finish with conclusions and a reflection on the method used and on the extent to which Dutch water safety institutions are prepared for climate change.
METHOD The Adaptive Capacity Wheel
While there is an explosion in the literature on adaptation and adaptive capacity, there is little research on assessing institutions on their ability to enhance the adaptive capacity of society (Gupta et al. ) . Although the literature confirms that adaptive capacity is a useful concept to assess institutions, it does not provide a systematic framework to assess the adaptive capacity created by institutions. Most authors emphasise steps to be taken, rather than criteria to be met. To bridge the existing literature on institutions, governance and management (e.g. Stoker ; Pierre In the Adaptive Capacity Wheel, the concept of adaptive capacity refers to the inherent characteristics of institutions that empower social actors to respond to short-and longterm impacts either through planned measures or through allowing and encouraging creative responses from society, both ex ante and ex post (Gupta et al. ) . Adaptive capacity thus encompasses the characteristics of institutions (formal and informal; rules, norms and beliefs) that enable actors (individuals, organisations and networks) to cope with climate change, and the degree to which such institutions allow and encourage actors to change these institutions to cope with climate change. This implies that institutions should allow actors to learn from new insights and experiences in order to flexibly and creatively 'manage' the expected and unexpected, while maintaining a degree of identity (Gupta et al. ) .
To capture the diverse and complex characteristics of institutions that allow for -or hinder -the adaptive capacity of society, we have identified six qualities of adaptive institutions: three core qualities, namely variety, learning and the room for autonomous change, and three supporting qualities, namely leadership, resources and fair governance (see Gupta et al. , , for an extensive overview and theoretical underpinning of this Wheel). Whereas the core qualities can be seen as integral to adaptive capacity, the supporting qualities are contextual variables that contribute to adaptive capacity indirectly and can be seen as key features of institutions in general. Subsequently, to assess these qualities, we have developed 22 criteria. Together, the six qualities and 22 criteria form the Adaptive Capacity Wheel: an analytical structuring tool to assist researchers as well as policy makers in their efforts to understand, assess and increase the ability of institutions to foster the adaptive capacity of society.
Variety
The first core quality refers to the idea that the variety within a system must be at least as great as the environmental variety against which it is attempting to adjust itself (Conant & Ashby ) . To deal with the manifold uncertainties and ambiguities of the climate issue, it is often argued that it is important to allow for and encourage variety (e.g. of actors, sectors and administrative levels during policy making and implementation; the room to promote a differentiation of adaptation strategies; and redundancy.
Redundancy implies 'more of the same', for example the development of back-up measures for a reduction of the flood probability.
Learning
The second core quality is learning. The climate issue is not only characterised by uncertainties about the effects of climate change, but also by uncertainties about how we should anticipate these effects. In each specific case, the parties involved face the challenge of discovering together the 'best' adaptation strategy. Moreover, the climate issue is a relatively new issue. It is therefore likely that it will conflict with dominant values, routines and problem frames and solutions. To deal with the uncertainties and the newness of the climate issue, it is often argued that an institutional setting is required that stimulates and supports learning (e.g. Dewulf 
Room for autonomous change
The third core quality of adaptive institutions is the room for autonomous change. Due to the unpredictable nature of many climate change effects, this is an important quality.
It is about the capability of actors to improvise during crises at all levels of society, and to act as accommodating to and experimenting with the everyday contingencies, breakdowns, exceptions, opportunities and unintended consequences (Orlikowski ) . The degree to which institutions allow for and encourage room for autonomous change is indicated by the following criteria: access to information about potential climate change impacts, the capacity of actors to improvise and their ability to act according to plan.
Leadership
The fourth quality of institutions, leadership, supports the 
Resources
The availability and mobilisation of resources also supports the three core qualities of institutions. For adaptation efforts to succeed, it is crucial that actors are able to generate sufficient resources (Biermann ) . First, financial resources are required to experiment with and implement adaptation strategies. Next, human resources -such as knowledge and expertise -are required to develop these adaptation strategies. Finally, authority (mandate) -the provision and use of accepted and legitimate forms of power -is required to take and implement the necessary decisions.
Fair governance
The sixth and final quality also supports the three core qualities of institutions. It is crucial that institutions meet fair governance criteria and can deal with social justice dilemmas (Paavola & Adger ). As we emphasise redundancy over cost-effectiveness, we prefer the phrase 'fair governance' rather than the dominant phrase of 'good governance' (e.g. Botchway ). Institutions should allow for and encourage responsive and accountable policy making and implementation. Institutional patterns should thus be open to feedback and show response to society, and they should provide accountability procedures. In addition, institutions should protect basic rights and equity and through constitutional laws promote legitimate policy processes.
Research Protocol
The Adaptive Capacity Wheel cannot be 'objectively' applied and will always be subject to expert judgement and good interpretation. For such a qualitative tool to have scientific relevance, it is important that it is transparent and that its application by different researchers leads to consistent results. For this reason, we have developed a research protocol to apply the Adaptive Capacity Wheel, consisting of five consecutive steps (see also Gupta et al. ) : (1) preparing for the research, (2) collecting the data, (3) analysing the data, (4) interpreting the data and (5) communicating and presenting the data.
Step 1: preparing for the research To demarcate our object of study, the Dutch water safety domain, we decided to analyse three recent planning practices, namely the development and implementation of the Room for the River project, the introduction of the flood risk approach and the introduction of the Second Delta Plan. In this way, we were able to detect historically grown institutional rules and patterns, as these structure the development and implementation of these planning Step 2: collecting the data Subsequently, we decided to make use of the following three data sources: (1) various types of documents, such as newspaper articles, press releases and policy reports; (2) Hidding & van der Vlist ). Together, these three data sources provided sufficient material to assess the capacity of Dutch water safety institutions to deal with the climate issue.
Step 3: analysing the data The next step of our research protocol involved the qualitative analysis of the data that we had collected, that is, the 'scoring' of the six central qualities and 22 criteria of the Adaptive Capacity Wheel. This step of the research consisted of three subsequent phases. First, on the basis of the data sources described above, we scored the qualities and criteria ourselves, after which we asked the other members of our project team (eight in total, including ourselves), who are also familiar with the water sector, to judge and improve our analysis. Third, we organised several workshops with key stakeholders within the Dutch water safety domain, during which the results of our analysis were critically discussed and reflected upon, and we presented and discussed our analysis at several conferences (e.g. Termeer ) and workshops at, among others, interested consultancy firms (e.g. Meijerink ) . In this way, we created room to discuss differences of opinion, if any, on a specific quality or criterion. In addition, special attention was paid to the registration of the underlying arguments leading to a specific score. A colour scheme (from green to red -see Figure 2 ) was used to visualise the results of our analysis and to facilitate the comparison between the three water management practices. The numbers were used to aggregate the scores of the various criteria.
Step 4: interpreting the data After the data analysis, the scores and colours were related and interpreted in a broader context. This step also included the explanation of dependencies between the qualities and criteria, and the comparison of the three cases. Data were translated into stories to communicate the strengths and weaknesses of the assessed institutions to, for example, policy makers involved in climate change adaptation practices. Finally, during this step we drew conclusions on the capacity of the Dutch water safety institutions to promote adaptation to climate change, and we reflected on what could be done to improve this capacity.
Step 5: communicating and presenting the data The last and final step concerned the communication and presentation of the data. Besides the workshops that were organised to critically discuss and improve our findings and our presentations at conferences and workshops, we decided to use colours rather than grey shades to communicate how well a criterion or quality scores (see Figure 2 ).
Whereas a grey tone is non-judgemental and provides a more neutral evaluation, a traffic light system -where green symbolises a high score and red a low score -is more communicative. By presenting the institutional strengths and weaknesses that we discovered in this way, we also aimed to suggest where there might be room for reform.
RESULTS
In this section, with the help of the Adaptive Capacity Wheel, we show the results of our assessment of the capacity of the institutions involved in the development and implementation of the Room for the River project, the introduction of the flood risk approach and the introduction of the Second Delta Plan, to enable climate change adaptation.
For an explanation of the colours, see Figure 2 . However, our assessment also showed that the degree to which the institutions allow for and encourage the core quality of in particular variety is rather limited. Here there clearly is a tension between the institutions and the adaptation needs.
Although both technical and spatial measures were developed and implemented to reduce the flood probability, measures and strategies to reduce the potential impacts of flooding, and which address the whole safety chain from flood prevention to evacuation and even after care, were not included. In addition, only government authorities (ministries, provinces, municipalities and water boards) and parties from civil society (NGOs (non-governmental organisations) and inhabitants) were involved. Private parties ('the market') were not asked to participate. Subsequently, conflicting perception of problems between water managers and spatial planners hindered the development and implementation of the more spatial river-widening measures.
The dominant problem frame was the necessity to realise the water safety of the inhabitants of the riverine area, rather than improving its spatial quality. The same applied to disaster management strategies. In this way, the Delta Committee plead for a redundancy in measures: measures for vulnerability reduction were stimulated next to, rather than instead of, measures for probability reduction. After its name and reference to the well-known Dutch Delta Works, and like its predecessor, the Second Delta Plan thus mainly focused on taking measures to reduce probability of flooding. The Second Delta Committee even proposed increasing safety standards by at least a factor ten. However, although the focus was only on flood prevention, the variety of (both developed and implemented) measures to reduce the probability of flooding increased greatly. In particular, the committee invested in developing new and innovative technologies and technical measures to fight the water. For instance, the concept of the 'Delta Dike' was introduced. Delta Dikes are sufficiently high, broad or strong, that the probability of unexpected and uncontrollable flooding is practically zero. However, the capacity to improvise remains rather underdeveloped. The Second Delta Plan emphasises that flood safety will continue to be a public interest, for which the central government has -and will continue to havethe primary responsibility (Deltacommissie ). Private parties are only invited to invest in or co-finance measures when their interests can be realised at the same time. As a result, it is likely that the 'control paradox' (Remmelzwaal & Vroon ) will remain to exist and will even increase. The fear is that when the safety norms are made part of integrated, interactive and decentralised planning processes, water safety could come off worst.
Resources
The generation of resources is highly dependent on the political and public climate. In this respect, important complicating factors are the dominant focus on the development of cost-effective packages of measures and the low water awareness of Dutch society, as a result of which there is always a danger that the budget that is needed to maintain water safety is allocated to other -more appealingpurposes, such as public health or education. It is exactly for this reason that the Second Delta Committee has recommended the establishment of a Delta Fund. Although the Dutch government has recently approved a proposal for such a fund, which guarantees that 1 billion euro will be made available yearly as from 2020, it remains to be seen how this idea will be implemented in practice. The latest plans are to make the Delta Fund a specific part of the existing investment budget for infrastructure, and it is, as yet, unclear whether this fund will actually generate additional resources for climate change adaptation.
Fair governance
The nature of governance within society determines the space given to social actors to participate creatively in the problem-solving process and thereby establish and change institutions. The Dutch water safety institutions seem to allow for and encourage a legitimate policy and implementation process. For instance, following the example of the Room for the River project, local and regional parties will also be involved actively in the development and implementation of the various measures that are part of the Second Delta Plan. The protection of basic rights and equity also seems to be provided for: every Dutch citizen will in the same way be protected against flooding; as yet the legal safety standards will not be further differentiated. Finally, as the institutions allow for legitimate policy processes, it can be expected that they will also support responsiveness.
And in line with the recently introduced strict procedures for large public projects, it can be expected that the institutions will promote accountability.
CONCLUSION AND REFLECTION Institutional strengths and weaknesses
The central question of this paper was to what extent the historically developed Dutch water safety institutions are prepared for climate change. Our answer to this question is two-fold. Based on our assessment, the application and use of the Adaptive Capacity Wheel, we can conclude that Dutch water safety institutions enable climate change adaptation, but to a limited extent. They provide six institutional strengths that are required to cope with the new challenges and develop and implement adaptation strategies, but at the same time face five institutional weaknesses that may cause risks in particular in the long term (see Table 1 ).
The following six institutional strengths could be ident- The second institutional weakness concerns the improvising capacity of society. As the Dutch central government has defined flood protection as a public responsibility and has taken over the responsibility for the water safety of The Netherlands, the Dutch water sector runs the risk of continuing and even increasing the control paradox.
However, for successful climate change adaptation it is necessary that people develop the capacity to improvise and self organise during times of crisis. The strong onesided reliance on scientific experts regarding uncertainties The lack of synergy between collaborative and entrepreneurial leadership is the fourth institutional weakness that we have identified. The dominant focus on probability reduction hinders the development and institutionalisation of a more collaborative leadership style and the development of shared and more integrated perceptions of problems and their solutions. Fifth and finally, although the water sector has been quite successful in generating resources for water safety, the Dutch water safety institutions do not generate resources for innovative and more spatial adaptation strategies. These are still viewed as 'something extra'.
Reflection
For The Netherlands, to be prepared for climate change, it is necessary to stimulate in particular the capacity to improvise, to invest in and create room for collaborative leaders, and to find ways to generate resources for innovative measures. The Adaptive Capacity Wheel has proven to be a useful method to assess the capacity of Dutch water safety institutions to enable climate change adaptation. It is a comprehensive diagnostic tool that helps to diagnose possible problem areas that can then be the subject of discussion and debate, and that indicates areas of strength which can be further built upon. In addition, it allows for compressing large amounts of information in a concise and communicative overview.
However, the method also incorporates and exposes some interesting paradoxes and tensions between the six qualities, both theoretically and empirically. An important example is the paradox between variety and leadership:
whereas strong leadership may lead to less variety, weak leadership may have the advantage that a lot of variety is developed in society. This is also a paradox in social reality itself. Another limitation of the method is that the equal shares for each quality of the Wheel also seem to be reflective of equal weights, while in a specific context, one quality might be more important than another. Understanding and evaluating both the tensions between the qualities and the normative consequences of the outcomes of the applications, therefore calls for expert judgements and, in the case of Dutch water management, perhaps even for a political and societal debate. This is also required for the development of ways to improve the problem areas identified. However, this does not stop future applications of the Wheel from experimenting with assigning weights in specific contexts in a more rationalised way.
